Abstract. Since a similar series of events that lead to a similar result would be clustered together. The switches from one stationary state to another, which are usually vague and not focused on any particular time point, are naturally treated by means of fuzzy clustering. A unsupervised fuzzy clustering approach is established in this paper for predicting silicon content in molten iron which collected online from No.7 BF at Handan Iron and Steel Group Co.. This new approach consists of five steps: step 1 rearranges the silicon content ([Si]) time-series into sliding widows after confirming the best value for the dimension of the temporal patterns; step 2 Clusters the temporal patterns into an optimal number of fuzzy sets, find the degree of membership of each temporal pattern in each cluster; step 3 groups similar temporal patterns together into clusters, which may represent the different states of the dynamic system, by an unsupervised fuzzy clustering procedure; step 4 Fits a prediction model (AR) to each cluster; step 5 predicts the future samples of [Si] by a fuzzy mixture of the above prediction models weighted by the degree of membership of the latest temporal pattern in each of the corresponding clusters. The rate of hit shot of [Si] is 86% in [Si] ± 0.1% range using such new algorithm which only using the last [Si] time series.
Introduction
The main purpose of a blast furnace (BF) is to chemically reduce and physically convert iron oxides into liquid iron called "hot metal". Such process is highly complicated; whose operating mechanism is characteristic of nonlinearity, time lag, high dimension, big noise and distribution parameter etc [1] . It has not come true to realize automation of BF ironmaking process in metallurgical technology from the eighteenth of the twentieth century after trying methods of classical cybernetics and modern cybernetics, because of its complexity and no appropriate mathematical models of BF ironmaking process. The quality and the quantity of the different input material as well and many environment factors all influence the quality of the molten iron. Not only is silicon content in molten iron an important quality variable, it also reflects the internal state of the high-temperature lower region of the BF [2], uniformity in silicon content and its accurate and advance prediction can greatly help to stabilize BF operations. In past years, efforts have been made to build up effective model to predict silicon content in molten iron [3] [4] [5] [6] [7] . But designing a predictive controller, which can forecast accurately silicon content in molten iron ([Si] ) is still a puzzle. We have designed a new fuzzy algorithm that has good performance [8] , but such algorithm needs more information which some time can not be obtained integrally.
In this paper, an unsupervised fuzzy clustering is established to predict [Si] which only using the last time series of [Si] . Clustering is one of the common methods used for finding a structure in given data in particular for finding structure related to time. Applying the clustering methods to a set of continuously sliding windows of [Si] is useful for grouping similar temporal patterns which are dispersed along the signal. While most of the common system identification methods (like ARMA or NN) train their prediction model by using the previous sample-window [9] , we suggest training a separate prediction model for each cluster, using all of its accrued temporal patterns. By this means, on the one hand we can capture similar rare events and fit them into their own model, while, on the other hand, models fitted onto similar common events will be unbiased by these rare events. The switches from one stationary state to another, which are usually vague and not focused on any particular time point, can be naturally treated by means of fuzzy clustering. An adaptive selection of the number of clusters can overcome the general non-stationary nature of the signals [10] .
"Hard" hierarchical clustering methods are very well known methods for recursively partitioning sets to subsets [11] . In here, we will use an algorithm that were recently presented for a natural "soft" top-down hierarchical partition, which fully follows the fuzzy sets rules by means of unsupervised fuzzy clustering.
General Scheme and Principle of the Methods
The clustering procedure can be applied directly to the continuous overlapping windows of the sampled raw data. In the clustering phase of the algorithm, similar temporal note that the procedure can be partially applied and patterns from the past are grouped together into clusters, while in the next stage a separate model is fitted for each cluster of similar patterns. This prediction method combines unsupervised learning in the clustering phase and supervised learning in the modeling phase. 
